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Recently, there has been renewed speculation 
that further supergravity theories might exist in 
d = 11 and d = 12 dimensions 0-J6), which might 
provide a unifying origin for the supcrgravities 
appearing as low-energy limits of string- or M- 
thcory. The idea of supergravities beyond d=ll 
was already explored fifteen years ago, but no 
conventional supergravity theory was found J7|, 
even though in d = (10, 2) dimensions Majorana- 
Weyl spinors exist, and dimensional reduction to 
d = (10, 1) would therefore lead to a N = 1 super- 
gravity theory. The search for principles under- 
lying string theory leads us to investigate the su- 
peralgebraic foundations of supergravities. While 
these are well understood in simple and usually 
low-dimensional cases, for higher N or higher di- 
mension one only suspects that they exist. The 
indications we have of relations between all su- 
perstrings prompt us to reopen the investigation. 

1. Algebras 

The recent spate of such ideas is based on the 
fact that p-branes couple naturally to (p+l)-form 
gauge potentials via the currents [g,|| : 
jMi-Mp+i ( x ) = _i_ J dr J d p a (1) 

S d (x- X(t,o-)) e il - i "+ 1 
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d n X^(T,a)...d Hp+1) X^(T,a) 
These currents are conserved: 
dv{Jgr^-»*{x)) = 
and give rise to tensor charges 

Z 1 "- "-" = / d d - 1 xJ 0fil -^(x) . (3) 



(2) 



They appear then in (maximally) extended su- 
persymmetry algebras as follows Q : for the case 
of IIA supersymmetry in d=(l,9) one has 

(4) 



a,Q/3} — 


pM p i pM 7 




I -p/il.-./iB 7+ 


a ,Q } = 


VjfP* - vfz» 




_|_p/ii.../i 6 a/9 Z~ 



Pi. -Aie 

{Q a ,Q fi }= SgZ + T^JZ^ 

iT>|ii...M4 (3 Z 

where the 16-dimensional Major ana- Weyl spinors 
Q a and Q a have opposite chirality. This algebra 
may be given a (l,10)-d interpretation in terms 
of real 32-component spinors: 

{Qa,Q b } = Ti{P M +T^ N Z MN (5) 

, r Mi...M 5 7 
+ L ab AMi...M B , 

or even a (2,10)-d one in terms of 32-component 
Majorana-Weyl spinors: 

{Qa,Qb} = T% N M MN (6) 

+ L ab 6 Ml ...M e ■ 

The type IIB algebra in d=(l,9) reads 



{Qaii Qj3j} - ^a^ij Z J^ 

I -pMlM2M3 y 

' x a(3 ^ij^JuL.-Hs , 

where we use the conventions S^.-, = e.a"E Jl j, 
So = —icr 2 , Si = — er 1 and S2 = cr . These ma- 
trices satisfiy S/S,/ = rjjj + £ij k Y>k = Tfu + 

eij L r] LK '£>K, with rj U = ( h +), e i 2 = 1, 

and hence generate S'L(2,R). In all cases the 
Z-charges fit the respective brane-scan, and all 
cases form some decomposition of the Q-Q part 
ofOSp(l|32). 
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Branescan: the subscripts F, D, or S, denote 
'Fundamental', 'Dirichlet' or 'Solitonic' branes. 

We will conjecture, for the purposes of this 
paper, that the rest of the algebra completes (pos- 
sibly some contraction of) Osp(l|32): 

{Qa,Qb} = Jab (7) 

[Jab, Qc] = —C c ( a Qb) 
[Jab, Jed] — 2C( a ( c J b ) d ) | 

which may be decomposed in terms of S*0(2, 10) 
covariant tensors to yield the extended (l,9)-d 
superconformal algebra of van Holten and van 
Proeyen M, namely 



{Qa, Qb} = — 128^06 JMN (8) 

J j.n-i;!- 1 ab J Mi... Me 



128 X ab J MN 

J r Afi...Af 6 

[JMN,Qa) = — (rjffl)a Qb 
[J r Mi...M 6) Qa] = _ (rjlfi...M 6 )o Qb 



{Jmn,J kl } = 8 6 [ « J- -I 



r 7 tMi...M 6 i _ 

1Z '°- [iV I ...JV 5 J W 6 ] 

1 10 , [Mi...M 6 |fl| t M 8 ] 

+ 1Z e JVi...iV 6 J fl 

In the (l,10)-d context this algebra was studied 
by D'Auria and Fre ||. We will try to take some 
first steps towards constructing a conformal su- 
pergravity theory based on that type of algebra. 
The signature of the vector space that appears 
in the above algebra is (2,10). This provides 
another hint of a connection to string-theoretic 
ideas, as Vafa's H argument shows: Sl(2,Z)- 
duality of type IIB strings may be explained via 
D-strings. The zero-modes of the open strings 
stretched between such D-strings determine the 
worldsheet fields of the latter. We have 



*t 1/2 \k> 



jU = 0, 1 2-d vect. field (9) 

= 2, • • ■ , 9 transv. scalars (10) 

and hence we find on the D-string an extra U(l) 
gauge field. In d=2 this is nondynamical, of 
course, but it leaves, after gauge fixing, a pair 
of ghosts B, C with central charge c = — 2. The 
critical dimension is hence raised by two, and the 
no-ghost theorem 1 10 111], which states that the 
BRST cohomology effectively eliminates those ex- 
tra dimensions, forces us to assume the existence 
of a nullvector in the extra dimensions, and that 
means they must have signature (1,1). 

Taking the idea of strings moving in a 12- 
dimensional target space more seriously, we are 
immediately led to the puzzle of why strings os- 
cillate in only 10 of these dimensions, but never 
in the extra 2. If one has conformal symmetry in 
mind, there is a natural answer: the 12 dimen- 
sions are those in which the conformal group is 
linearly realized, but only a 10-dimcnsional null 
hypersurface in real projective classes of these co- 
ordinates is physical. The extra two dimensions 
"don't really exist" . The idea that strings might 
have some sort of target space conformal symme- 
try is not new |12|] , but as of now no model exists 
that can be convincingly linked to the string the- 
ories known today. 

At least part of the problem is the fact that a 
conventional superconformal algebra in d=(l,9) 
does not exist, and while one can write a confor- 



mal supergravity action, the fields one uses are 
subject to differential constraints |Q. In con- 
trast, for d=(l,3), conformal N=l supergravity 
and its superalgebraic SU{2, 2|l)-underpinnings 
are understood, and therefore we will restrict 
ourselves to an analysis of Osp(l|8), which may 
be interpreted as a variant superconformal al- 
gebra. We note that SU(2, 2|1) is not a sub- 
algebra of Osp(l\8). This is most clearly seen 
by analyzing their embedding in Osp(2\8) [ H : 
let the oscillators cla — (s^jajf^jfl) have 
the (anti)commutation relations [a^,az,] = Sf, , 

{a, a} — 1. Here Hk = Vkl 0,1 " * s u P 1° the 
S'{7(2,2)-metric i] KL the complex conjugate of 
clk- A real S'p(8)-spinor is represented by the 
complex pair (a K ,1Tk) = o-a- Osp(2\8) has a to- 
tal of 16 real supersymmetry charges, namely the 
two Sp(8)-multiplets Q a — a a a = (a K a,aKa) 
and Q a = a a a — (a K a,aKa). The subalge- 
bra SU(2,2\1) is obtained by selecting the su- 
percharges Q K — a K a and Q K = axa, while 
Osp(l\8) contains eight different supercharges, 
namely Q a = a a (a+a)/\^2. As a consequence, we 
obtain the nonzero anticommutator {Qk, Ql} = 
Jkl- One might think that we simply have to 
set Jkl = = J KL in order to obtain the or- 
dinary superconformal algebra. This true up to 
a factor -3 in the Q k -Ql anticommutator, which 
is the trace of the SU(2, 2|l)-metric. In the os- 
cillator representation this factor appears as fol- 
lows: the bosonic generators of SU(2,2\1) are 
given by J K L — \{a K ,aL} — \5^ {a N ,o,n} and 
J = \{a K ,clk} = \ [a, a] (which implies a non- 
trivial trace condition on the total Hilbert space) 
and hence 



{Q K ,Q L } = \{a K ,a L }-¥r n.n 



2°L 



J K , 



4°L J 



while for Osp(l\8) we obtain 
{Q K ,Ql} = \{a K ,a L } 



J K L + WJ 



(11) 



(12) 



the 



where we have defined J = \{a K \qk} 
same fashion. Apart from this factor, and of 
course the generators J KL — a^ K a L ^ and Jkl = 
a.(KO-L)i the two algebras are identical. 



Let us present Osp(l\8) in a SO(2, 4)-covariant 
form. First, we define [a a . a ] = —C ao with a,b = 
1, ..., 8. We obtain {Q a , Qb} = O(o a fc) an d use the 
Fierz identity 



s&i) 



1 /r7 -n7cd , *- r MN r cd 
8 1 l ab l + 9 ab M 



gl ab 1 LMN 



to rewrite this as 



{Qa,Qb} = l{r 7 ab a c Tl d a d 



(13) 
(14) 



2 1 ab a L MNc «d 

lyLI 
6 ab 



1-nLMN „cr 
1 ~h a I LMNc 



ic &d \ 
\[Tl b J 7 + \Tl{ N J MN (15) 

J LMN \ ■ 



lyLMN 
6 ab 



The SO(l, 3)-decomposition of the Gamma - ma- 
trices we use reads 

T™ = _ 7 m (g> CT 3 , T 7 = -7 5 ® a 3 

r® = ^= l®<r+re = ^ l®a- (16) 

{r^r^} = 2t7 mjv = (-- + + ++), 

where T M = T M a b and we have chosen ij^q = 1. 
We raise and lower indices as follows: a a — C ab a,b, 



r 



= a b 



p*a rich 



ac~n* b 



C ac T 



p* 



r* a c c c b 



C ac r* c 6 , C ac C* cfc = 6%. C ab = (7 <g> cr 1 ) a6 is the 
8x8 charge conjugation matrix introduced above. 
With these conventions, among the matrices r* n |, 
we find r 7 , Y MN and Y MNP symmetric under in- 
terchange of a and b, while C, T M , T MNp Q and 
YMNPQR are an tisy mi netric. Similarly, the real 
4x4 matrices 7* Q /3 are split into the symmetric 
7™, 7 m ™ and the antisymmetric C 4 , j mn P and 7 15 . 
The remaining sectors of Osp(l\8) 

[J*,Q a ] = -T* a b Q b (17) 



MNPi 



l f MNPRST 
3 fc 



[J MN ,J RS ] = 8 5\pW 



Jrst 



s] 



[J 1 Jrst] 



12 5 [ " J M I 



J [fl' 



ST] 



[•/ 



A/JVP 



, -/rst] — 



^ £ RST'J 

- 36 5 r [ f ^ J p \ 



(18) 
(19) 
(20) 
(21) 



\R V S U T] 

are now straightforward to decompose under 
5*0(1, 3), and we use then the notation 



pm __ 7©m 

rpmn T©mn 

jt/Tmn 1 jmn 



yr, 



J- 



j^rn __ jQm 
T^mn . jQmn 

d = J® ( 

Z" 1 



A = J 7 



31 fc J npq 



2. Curvatures 



In 50(2,4)-covariant language the connection 
1-forms are written as h — hj J 7 + \HmnJ + 
j,h M NpJ MNP + VQa, with i> a = (4> a ,ip a ), and 
the curvatures R — dh + hh are given by 

R = {dh 7 + \VTabi> b (23) 

1 1 c MNPRSTu u \ t7 

+ 2\dhMN + 2h,MKh N 
- h RS mIt-rsn 

+ l^MNa^} J MN 
+ g < dllMNP + 6/lM huNP 

+ ^^MNPRSrh h-j 

1 l,/,ap ,/,f>\ jMNP 

+ -g1p 1 MNPabW }J 

+ j# a + h 7 T 7a b ^ b 
ill, rMNa .i,b 



ll rMNPa J.b\n 

gftMWP 1 b^ fVa 



The gauge transformations <5/i = dA + [/i, A] imply 
£R = [i?,A], i.e. 



«fl 



f 1 ,MNPRSTn \ 

j Yg e ft-MNPARST 



\R a r 7 ab \ b }j 7 



MARSN 

MN 



+ \{±Rmk\ k n-1R rs m \ 

— jR a TMNab^ \J 

+ e{ — ^mnprstRt^ 

+ ^mnprstR A7 
+ 6Rm ^knp 
— 6Rjvfiv Ap 

1 pap \b\ tMNP 

-K 1 MNPab* f<J 



3 abA |, 



p T^7a \6 1 1 D -nMNa \b 

-K7I D A + ^-"-^N 1 fcA 

\ ri7a pb 1 1 \ -nMNa pb 

A7I feit + 2-^AfJVl b-K 

ilp pAfWPa \b 

+ g-^MJVPt b^ 



The 5*0(1, 3)-decomposition results in 
(22) R(P) m = de m + uj m n e n + 2be m - 2E m n v n (25) 

- 2E m n z n - ^fPl m Tp 

R(E) mn = dE m ^ - 2j m k E") k + 2bE mn (26) 
+2E mn a - 4 e [ m w™] + 2e mn Pie p z q 

R(Q) = # + ( - a 7 5 + 6 + iw m " 7mn (27) 

+ (V2e m 7m + 75^ m "7mn) 

R{M) mn = duj mn - J m k u n ^ k + (28) 

4 v [ m w «] _|_ 4 z l m z n ] 

-8el m /"] - 8£;[ m fe F"l fc 
+ p7 m ™0 

R(D) = db -_2e m f m - E mn F mn (29) 

R(A) =da- 2v m z m - E mn F mn (30) 

+ i^7 5 
R(V) m = dv m + uj m „v n + 2z m a (31) 

+2E"\J n - 2F m n e n 

+i?7 m 

R(Z) m = dz m _ + Lu m n z n - 2v m a (32) 

+2E mn f n + 2F mn e n 

+ i?7 5 7 m 

R(S) =d<j>+ (a 7 5 - b + iw mn 7m« (33) 

(24) -w m 7m-^™7 5 7m)0 

+ ( - V2f m lm + -j=F mn lmn )i) 

R{K) m = df m + w m n f n - 2bf m (34) 

+2F m n v n - 2F mn z n 

R(F) mn = dF rn ™ - 2j m k F n ^ k - 2bF mn (35) 
-2F mn a + 4/["V'l 
+2e mn ^j p z q + ^h mn 4> ■ 

The duals| are defined by X mn = (l/2)e mn P c 'X pq , 

X mn = — X^ nn ^ and the bars on the Majorana 
fermions are defined by ip = f/ ,T C , 4 = f/ ,T 7°- 

In order to obtain the curvatures of a 
SU(2, 2|l)-gauge theory, we simply drop the fields 
Emm "m, z m and F mn and change the fermionic 
curvatures to 



g^MiVPi b^L ("Va ■ * We remind the reader that in Minkowski space 



R(Q)=di> + (3a 7 5 + b + -w m " 7rrm )</> 



+^2e m lm (j ) 



1 



R{S)=dcf> + (-3a 7 5 - b + -W mn 7mn)<£ 

-V2/ m 7m V ■ 



(36) 



(37) 



The only difference to ( |27| ) and ( |33|) is the addi- 
tional factor —3 in the terms a^ip and wy 5 (j). 

3. Actions 

We now construct an affine action quadratic in 
curvatures Jf5| and invariant under the symme- 
tries S, K m and F mn . By affine we mean that no 
vierbeins are used to contract indices, but only 
constant Lorentz tensors such as e^ vpa , rj^ and 
Dirac matrices. The most general parity-even, 
Lorentz- invariant, dilaton- weight zero, mass di- 
mension zero affine action (S — J M C for some 
four-manifold M) reads 

-£ = a e mnpq R(M) mn R(M)Pi 

+ a 1 R(A)R{D) + a 2 R(V) m R(Z) m 

+ a z e mnpq R(E) mn R(Fr 



f3R{Q)l b R{S) • 



(38) 



This action n is, of course, manifestly general co- 
ordinate invariant since the integration measure 
e A " /pCT is a tensor density under general coordi- 
nate transformations. The term a2R(V) m R(Z) m 
is not A-invariant like all the other terms and 
one could therefore consider setting the coefficient 
c*2 = already at this point. Since we are inter- 
ested in a theory of gravity we set a® = 1 (in fact, 
no nontrivial solution exists for ao = 0). 

The requirement that the action in ( p8|) be in- 
variant under the symmetries S, K and F yields 

a = l,ai = -32,a 2 = 0,a3 = 8, /3 = -8, (39) 

as well as the following constraints on the field 
strengths: 



3 The action is Hermitean and the curvatures are real 
if one takes the reality condition for Majorana spinors 



$ = V T C 4 = ■0 t i7°. Wi 
the Minkowski action in (p 

using the metric ( \- -\ — hj 

tation of 117]. The sign — C ensures that the kinetic terms 
for the vierbein have the correct sign, see, for example, 
reference f|L81. 



denote the left hand side of 
4) by — C to stress that we are 
rather than the Euclidean no- 



R(P) m = 


= 


l(E) mn = 


= -*R{E) n " 


R(Z) m = 


= *R(V) m 


R(Q) -- 


-- -i\R{Q) 



(40) 
(41) 
(42) 
(43) 

which are in turn invariant under S, K and F. 
The sign on the right hand side is in principle at 
our disposal. The above choice guarantees that 
the constraints can be solved algebraically if the 
vierbein is assumed to be invertible. 

In order to compare with the SU(2, 2|l)-case 
we again write down the most general parity even, 
dilaton weight zero, affine action and fix the co- 
efficients and constraints by requiring invariance 
with respect to the symmetries K and S. The 
results are 

-C = e mnpq R(Mr n R(Myi 



+ 32R(A)R(D) - 8R(Q)j 5 R{S) (44) 
with the constraints 
R(P) m = (45) 

R(Q) = -i\R(Q) (46) 

R(A) = *R{D) . (47) 

These constraints are again invariant under the 
symmetries S and K and algebraically solvable. 
We note that the actions (E3) and (38) are 



the most complicated ones in a series of gauge 
theories covering Anti-de-Sitter gravity based 
on 5p(4), its supersymmetrized Osp(l|4)-version 
and of course ordinary conformal gravity based 
on SU(2,2). The complexity of the constraints 
increases with the size of the algebra, however in 
each case, a kinematical study of the gauge alge- 
bra shows that the constraints are exactly such 
that gauge transformations Sh = dX + [h, A] are 
modified precisely so that the gauge algebra closes 
onto general coordinate transformations, rather 
than P m gauge transformations (i.e. gauge trans- 
formations generated by the translation generator 
Pm) @- ln fact one can adopt a purely kine- 
matical approach in which one derives the con- 
straints through the requirement that the algebra 
closes onto general coordinate transformations. 
If one makes a similar kinematical study of the 
Osp(l\8) algebra, one is quickly led to the con- 
clusion that no set of algebraically solvable con- 



straints exists such that the algebra closes onto 
general coordinate transformations. However, in 
the hope that the model could again be made con- 
sistent through further generalizations of the E mn 
gauge symmetries and super gauge symmetries 
(Q) along with the usual trade between P m gauge 
transformations and general coordinate transfor- 
mations, we followed the dynamical afhne action 
approach which has enjoyed considerable success 
as evidenced by the string of models given above. 

4. Constraints 

The constraints ( |45| ) - ( fJ7| ) are necessary but 
not yet sufficient for obtaining conformal super- 
gravity. For an irreducible representation of the 
conformal superalgebra we should try and express 
as many fields as possible algebraically in terms 
of a minimal set. In the conformal case, the max- 
ima] set of solvable constraints is 



= R(P)^ m 
R(M) mn t 







2R(A)e r 



' V7 5 7 m #(Q), 



2V2 



(48) 



(49) 



as well as 

7"-R(Q)/iv = , (50) 

which can be shown [jl7| to be necessary for Q- 
supersymmetry of the action ( |44|) . 

For the Osp( l|8)-case, we summarize in figure 1 
the curvature components that, when constrained 
to zero, lead to algebraic equations for connection 
pieces. We have found the following maximal set 
of solvable constraints: 
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R(P)p„ m 

R{ E ) P [ni>f 

R(E)^ 
e^ pa R{E) 

R{E)^ mn 
R{Z)p V m - 

7^(QW 



pupa 

*R{E) pv r 
R(V)^ m 



(51) 
(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
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+ 2^R(A) tiV 



1 



/•in' n9pvn\M)p a 
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R(P)^ m = 24 = 16 + 4 + 4 
V V V 


R(E)n„ mn =36 =1+10 +9 + 9+6 + 1 
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x V V 


R{M) liV mn = 36 =1+10 +9 + 9+6 + 1 

x x * V V V 


R(D)^ = 6 
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R(V)^ m - *R(Z)^ m = 24 = 16 + 4 + 4 

x V V 



Figure 1. Lorentz irreducible pieces of the "solv- 
able" curvatures. The ticks a y/" and crosses "x" 
indicate those Lorentz irreducible pieces of curva- 
tures that may or may not, respectively, be solv- 
ably constrained. 



yf" 7 



2R(E) f 



>,p<* 



-2*R(E) P 

+ 2R(V) pu(r E"% + 2R{Z) pua EP\ . (58) 

All further constraints follow from this set, either 
algebraically or, for example, by Bianchi identi- 
ties. Unlike the superconformal case, this set does 
not guarantee all the symmetries necessary for 
consistency of the action ( |38| ) . 

5. Problems 

The set ( pl[) - (p8|) of constraints does not al- 
low us to express explicitly all fields in terms of 
a minimal set. Rather, we obtain a coupled set 
of equations, which determine, say, w M m ™, F fl mn , 
<f>%, Zfrv), v^y) and z^] + *V\p, v ] in terms of e„ m , 

771 mn „/, 

Ep, , typ 



<Pp, bp 



and 



'■[pv] 



*V[p V }- We may try 
to solve these equations iteratively, but in order 
to investigate the symmetries of the action, an 
explicit solution is not necessary. However, then 
the same problem occurs when we examine the in- 
variance of the action under the remaining sym- 
metries V, Z, E and Q. These symmetries need 
to be modified when acting on dependent fields 
such that they leave (pL) - (pi) invariant, and 



again the constraints provide only a coupled set 
of equations for the extra transformations of the 
dependent fields. In order to calculate further, 
one can make a consistent expansion in the num- 
ber of fields and study the model in the lowest 
order in this expansion. 

Let us consider the constraint R(P) m = and 
some S £ {V,Z,E,Q}. On independent fields 6 
acts simply as a gauge transformation 

<5<dc P t. = de A +e c h B f BC A = fc roup < dept ..(59) 

However acting on dependent fields we have 



""Dcpt. 



= de J 



,C h B 



h"f. 



BC 



^Dcpt. 



Saouph 



Dcpt. 



^Dcpt. 



(60) 



+ 6R(py 

f Scj mn e, 
2E mn Sz 



where the extra transformations Sh^ t are de- 
termined by requiring that the constraints are in- 
variant under 5, for example 

Q = 5R(P) m = 6 Gloup R(P) 

= S Group R(P) 

- 2E mn Sv n - 2E mn Sz n . (61) 

Note that in (|6l|), the extra transformations of 
three dependent fields appear, so that neither is 
uniquely determined. In contrast, for conformal 
supergravity only 6ui mn is present and can then 
be determined. One may write down similar ex- 
pressions for all other constraints which in princi- 
ple uniquely determine all extra transformations 
of the dependent fields. 

In practice, to write down a solution for the 
extra transformations of the dependent fields, we 
solve the set of coupled equations for the extra 
transformations iteratively. Namely, we make an 
expansion order by order in the number of inde- 
pendent fields, where one counts the vierbein as 
a Kronecker delta (i.e. field number zero). This 
means that to first order, we ignore the terms 
-2E mn 5v n - 2E mn 5z n in ©. To linear order 
one then obtains 



e n SyUJ m n 
e n 5zWmn 

e m j m S V (f> 



~2R(E) mn e n 
2R(E) mn e n 



V2 



y 5 j m R(Q)e r ' 



(62) 
(63) 

(64) 
(65) 



and our action is then indeed invariant under V 
and Z. However, at linear order, the action is not 
invariant under E mn and Q symmetries although 
many terms do cancel. The ^-transformations 
leading to non- vanishing variations are 



Se</>l 



S e u° 



-\b p i mn R{S) w 

+ \i»r p T n R{S) pa ]e r , 



6 

R(V) r 



(66) 



R(V) 



fim ^rn 






R{Z\ 



d E u> fi = 2(1 -l3)(e mn R(Zy 
+ e mn R(V) n ) 

5 E v [liv] = - (1 - a)[R{M) pirfi , 



8R(D) 



p[)i e u\ 



S E z 



EZ[nv] 



-a[R{M) pa ^e p ° 

+ &R(D) p[f ^e u] P} 



fiiii'! = 7.g[ivR(D) pa e 



6 E v 



per 



9^R(D) p(T ,e po 



(67) 

(68) 

(69) 

(70) 
(71) 

(72) 



while the relevant extra Q-transformations read 
1 -\R{D) lip + R{A) lxpl 5 



5qv p „ 
daz,. 



3^2 
1 

+ 2 
1 

V2 

1 



(R(V) p + R(Z) pl 5 )^]Ye 



[l-a)R(Q)e 



:<y 



R(Qh b 



^ ~ 8^2 
This means the action (p 



(73) 
(74) 

(75) 



is not consistent. In 
a flat gravitational and otherwise trivial back- 
ground the fields ip a and E mn enter the quadratic 
part of the action only in terms of their linearized 
field strengths dip a and dE mn . Hence the associ- 
ated gauge invariances are necessary for obtain- 
ing invertible kinetic terms. Since they do not 
survive at the interacting level, we conclude that 
the theory does not exist in the way we have for- 



mulated it, unless one can find generalizations of 
Q and E mn symmetries under which the action is 
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6. Conclusions 

Even though Osp(l\8) seems to fit natu- 
rally into a pattern of (super)gravity theories in 
d=(l,3), the affine action has serious deficiencies. 
Since the affine action does not suffice either for 
theories with a higher number of supersymme- 
tries, we may speculate that one should add an 
appropriate number of non-gauge fields. This is 
also borne out by the spectrum of (conformal) 
supergravities in high dimensions. At this point 
is it not clear precisely what we should add and 
how one systematically derives then appropriate 
constraints. Work on these issues is in progess. 

REFERENCES 

1. T. Hurth, P. van Nieuwenhuizen, A. Waldron 
and C. Preitschopf, On a possible new R 2 the- 



ory of supergravity, hep-th/9702052 



J. A. de Azcarraga, J. P. Gauntlett and J.M. 
Izquierdo and P.K. Townsend, algebra for ex- 
tended Phys. Rev. Lett. 63 (1989) 2443. 
P.K. Townsend, Three lectures on superme- 
mbranes, in Superstrings '88, eds. M. Green, 
M. Grisaru, R. Iengo, E. Sezgin and A. Stro- 
minger, (World Scientific 1989); Three lec- 
tures on supersymmetry and extended ob- 
jects, in Integrable Systems, Quantum Groups 
and Quantum Field Theory, eds. L.A. Ibort 
and M.A. Rodriguez (Kluwer 1993). 
P.K. Townsend, P-brane democracy, in Par- 
ticles, Strings and Cosmology, eds. J. Bag- 
ger, G. Domokos, A Falk and S. Kovesi- 
Domokos (World Scientific 1996), pp.271-285, 
hcp-th/950704S| . 

C. Vafa, Nucl. Phys. B469 (1996) 403. 
H. Nishino and E. Sezgin, "Supersymmetric 
Yang-Mills in 10+2 



dimensions", hep-th/9607185; I. Bars, "S the- 
ory", hep/th/9607112; I. Bars, Phys. Rev. 
D54 (1996) 5203; D. Kutasov and E. Mar- 
tinec. Nucl. Phys. B477 (1996) 652; D. Ku- 
tasov, E. Martinec and M. O'Loughlin, Nucl. 



Theory" , |hcp-th/961217l| ; A. Tseytlin, "Type 
IIB instanton as a wave in twelve dimen- 



hep-th/9612164 



7 



N 



9 



L. Castellani, P. Fre, F. Giani, K. Pilch and P. 

van Nieuwenhuizen, Phys. Rev. D26 (1982) 

1481. 

J. W. van Holtcn and A. Van Proeyen, 

J.Phys. A15 (1981) 3763. 

R. d'Auria and P. Fre, Nucl. Phys. B201 

(1982) 101. 

10. R.C. Brower, Phys. Rev. D6 (1972) 1655; 
P. Goddard and C. Thorn, Phys. Lett. B40 
(1971) 235. 

11. M. Kato and K. Ogawa, Nucl. Phys. B221 

(1983) 443; LB. Frenkel, H. Garland and J. 
Zuckerman, Proc. Natl. Acad. Sci. (USA) 83 
(1986) 8442, M.D. Freeman and D. Olive, 
Phys. Lett. B175 (1986) 151; C. Thorn, Nucl. 
Phys. B286 (1987) 61. 

12. A. Schild, Phys. Rev. D16 (1977) 1722; P.K. 
Townsend, Null Strings, Twistors and Higher 
Spin Algebras, in Quantum Field Theory, 
Statistical Mechanics, Quantum Groups and 
Topology, eds. T. Curtright, L. Mezincescu 
and R. Nepomechie (World Scientific, 1992), 
pp. 313-323; E. Bergshoeff, L.A.J. London 
and P.K. Townsend, Class. Quantum Grav. 
9 (1992) 2545. 

13. E. Bergshoeff, M. de Roo and B. de Wit, Nucl. 
Phys. B217 489. 

14. E.S. Fradkin and V. Ya. Linetsky, Ann. Phys. 
198 (1990) 252. 

15. SW. MacDowell and F. Mansouri, Phys. Rev. 
Lett. 38 (1977) 739. 

16. P. van Nieuwenhuizen in "From SU(3) to 
Gravity", Fortschrift fur Y. Ne'eman, Gots- 
man and Tauber, Cambridge University Press 
1985; in "Quantum Groups and their applica- 
tions in Physics", Varenna lectures 1994, L. 
Castellani and J. Wess, IOS Press 1996. 

17. M. Kaku, P.K. Townsend and P. van 
Nieuwenhuizen, Phys. Rev. D17 (1978) 3179. 

18. E.S. Fradkin and A.A Tseytlin, Phys. Rep. 
119 (1985) 233. 



